B12
. Reincubation resulted in a decrease in the amount of [57Co]B12 in the R-E component and a concomitant increase of that in the E component indicating that B12 was transferred from the R-E to the E component. Dinitrophenol reduced transfer from R-E to E components. These results suggest that, using isolated enterocytes, two sequential steps in ileal absorption of B12 can be identified: 1) energy-independent binding of IF -B12 to its receptor on the brush border followed by 2) an energy dependent event which probably represents transfer of B12 from its receptor into the cell.
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The complex process responsible for intestinal absorption of vitamin B12 (B12) begins in the stomach where B12 is released from its dietary sources and binds to intrinsic factor (IF), a glycoprotein secreted by gastric parietal cells. When the intrinsic factor-vitamin B12 complex (IF-B12) reaches the distal small intestine, the ileum, the complex binds to specific receptors localized on the brush border of ileal enterocytes (1) . After a delay of several hours, B12 begins to appear in the portal circulation (2) .
While considerable information is available concerning the initial events 
RESULTS
Cell viability was routinely assessed by the ability of isolated cells to exclude trypan blue. Typically, 80-85% of the isolated enterocytes excluded the dye. In addition, metabolic activity was determined by measuring 14CO2 production by isolated ileal enterocytes incubated with D-[U-14C]glucose. As shown in Fig. 1 rate of production of 14CO2 was linear for at least 30min. Incubation of ileal cells with 2,4-dinitrophenol (DNP) resulted in a more than 2-fold stimulation of CO2 production while incubation with phlorizin resulted in about 25% inhibition. The time-course for uptake of B12 by isolated ileal and jejunal enterocytes incubated with IF-B12 complex is shown in Fig. 2 . Ileal cells took up large quantities of B12, reaching an apparent maximum of 17pg/mg protein in 60min . Uptake of B12 by ileal cells was relatively fast, attaining 50% of the maximum in 10min. In (4, 11) . In the case of isolated brush borders, it has been demonstrated that uptake represents binding of IF-B12 complex to specific receptors localized on these membranes (11) . To determine whether uptake of B12 by isolated ileal enterocytes could be completely accounted for by binding of B12 to the brush border, brush borders and enterocytes isolated from ileal mucosae were incubated with IF-B12 for 30min and subsequently diluted into media which contained EDTA. As shown in Fig. 3 , chelation of divalent rations with EDTA resulted in rapid debinding of B12 from brush borders. Thus, after only 5min, less that 7% of the B12 remained bound. In contrast, ileal enterocytes retained more than 50% of the B12 even after incubation with EDTA for 20min. Similar retention of B12 was observed when ileal enterocytes were incubated at pH 5, a procedure which removes more than 95% of the B12 bound to isolated brush borders (data not shown).
The above results indicated that the B12 taken up by ileal cells could be differentiated into three categories: 1) an R component, the total amount of B12 taken up (i.e. that retained after dilution into resuspension medium); 2) an E component, that portion retained after dilution into media containing EDTA; and 3) an R-E component, the difference between R and E components (i.e. the amount of B12 removed from the cells by treatment with EDTA). The time-course for Fig. 4 . Differentiation of B12 taken up by enterocytes into three categories. Ileal enterocytes were incubated with IF-B12. At various times aliquots were diluted , fi ltered and washed with resuspension medium (R) to determine the total amount of B12 taken up. Other aliquots were diluted into mannitol-EDTA (E) to assess the quantity of B12 retained after chelation of divalent cations. The amount of B12 removed by EDTA (R-E) is also shown. incorporation of B12 into each of the above components is shown in Fig . 4 . In general, the patterns of incorporation into the 3 components were similar. The relative proportion of B12 incorporated into the E and R-E components differed considerably in different experiments. Thus over a large series of experiments the ratio E/R-E after 30min of uptake varied from 0.7 to 2.5 . with Triton X-100 (see Fig. 5 ). heal enterocytes were incubated for 30min with IF -B12 and aliquots were assayed as usual. Additional aliquots were placed in resuspension medium containing 0.05% Triton X-100 . Reincubation for a short time (1 or 5min) with Triton X-100 resulted in removal of a quantity of B 12 from the enterocytes which was approximately equivalent to that originally present in the E component. When EDTA was added to the reincubation medium , the B12 which had remained after treatment with Triton X-100 was released , demonstrating that B12 removed with Triton X-100 represented B12 from the E , rather than the R-E, component. Microscopic examination of the enterocytes revealed that , after exposure to Triton X-100, less than 10% of the cells were able to exclude the vital dye trypan blue. Attempts were made to determine the relationship between the E and R -E components. In one type of experiment (see Fig . 6 Isolated enterocytes retained the ability to take up vitamin B12. As in more intact intestinal preparations (3), isolated ileal enterocytes took up considerably more B12 than did jejunal enterocytes and uptake by ileal enterocytes required IF and Ca2+. B12 taken up by ileal enterocytes could be separated into 3 categories: 1) the total amount taken up (R), 2) that retained after treatment with EDTA (E) and 3) that removed by treatment with EDTA (R-E).
Previous investigators (16) (17) (18) have identified two components of B12 uptake similar to the E and R-E components reported here. Although it has been suggested that incorporation of B12 into R-E and E components represented sequential stages in the absorption of B12 (16, 18) , there is little evidence demonstrating transfer of B12 from one component to the other. Indeed, the results of Cooper et al. (16) indicated that respective incorporations of B12 into R-E and E components were independent events. The Since, in the latter case, continued incorporation of [57Co]B12 into the E component could not have been due to direct uptake from the incubation medium, it appears that [57Co]B12 must have been transferred from the R-E to the E component. Furthermore the findings that DNP, removal of glucose and reduced temperature inhibited incorporation of B12 into the E component and that DNP inhibited continued incorporation of B12 into the E component when B12 was removed from the incubation medium, indicated that the transfer of B12 from the R-E to E component was dependent upon energy.
The question arises as to what incorporation into the R-E and E components represents. It is likely that incorporation of B12 into the R-E component represents binding of IF-B12 to its receptor on the brush-border membrane. Thus the characteristics of incorporation of B12 into the R-E component (dependence on IF and Ca2+, relative independence from energy and temperature, and removal by chelation of divalent cations and acidic pH) are identical to those for binding of IF -B12 to its receptor (1, 11) .
The identity of the E component is more difficult to establish. One possibility is that the E component represents B12 which is still bound to the brush border but can no longer be removed by chelation of divalent cations with EDTA. However, results of cell fractionation experiments indicated that the B12 of the E component is not present on the brush border. Thus, when cells possessing only the E component were homogenized and fractionated, only a small amount (<10%) of the Bit was recovered in the brush border fraction. In addition the E component could be released from ileal enterocytes by incubation with 0.05% Triton X-100 for as little as 1min. Release of the E component by Triton X-100 could not be accounted for by solubilization of the receptor for IF-B12 since less than 1% of that receptor is solubilized from ileal brush borders incubated for 1min in 0.05% Triton X-100 (unpublished observation). On the other hand, removal of B12 in the E component by incubation with Triton X-100 could be readily explained if the E component represented B12 which was within the cell. In the latter case the increased "leakyness" resulting from exposure to Triton X-100 would allow B12 which had been sequestered within the cell to be released . Thus, the results presented here indicate that the E component represents B12 which has been transferred from its receptor on the brush border into the cell .
It has previously been observed that several hours elapse between binding of IF-B12 to its receptor and the appearance of B12 in the portal circulation (2) . This delay could have occurred at the brush border , during intracellular processing and/or during transport across the basolateral membrane . However, if our sugges tion that the E component represents B12 taken up into the cell is correct . then the results presented here indicate that the delay in transepithelial transport of B 12 is not the result of delayed transfer of B12 from its receptor into the cell . Thus in corporation of B12 into the E component and transfer of the vitamin from the R -E to E components occurred relatively rapidly. Therefore , as previously suggested by others (19) (20) (21) , the extended time that is required for movement of B 12 across the i ntestinal mucosa is probably the result of delays during later stages in the transport process.
In summary, using isolated ileal enterocytes we have been able to identify two sequential steps in the absorptive process responsible for transfer of B it across ileal enterocytes: 1) energy-independent binding of IF-B12 to its receptor on the brush border followed by 2) an energy-dependent process which probably represents transfer of B12 from its receptor on the brush border into the cell . 
